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POSITION INITIALIZATION FOR A 
VEHICLE POWER CLOSURE SYSTEM 

CROSS REFERENCE TO RELATED APPLICATIONS 

This application claims priority to U.S. Provisional Application Nos. 
60/318,924, which was filed on September 13, 2001; 60/328,774, which was filed on 
October 9, 2001; and 60/402,720, which was filed on August 12, 2002. 

BACKGROUND OF THE INVENTION 

This invention generally relates to power closure systems for vehicles. More 
particularly, this invention relates to obtaining initialization information for 
controlling movement of the position of a vehicle panel that can be automatically 
closed by a power closure system. 

Power closure systems are used on vehicles for power sliding doors and power 
lift gates, for example. Typical arrangements have a clutch to selectively establish a 
mechanical coupling between an actuator such as a motor and the door or lift gate. 
The motor control arrangement typically includes a position sensor that monitors the 
position of the door during a power closure. Typical arrangements include "relative" 
position sensors such as encoders or Hall effect sensors associated with a rotating 
armature. Such relative sensors cannot tell absolute position and, therefore, 
techniques must be employed to achieve accurate position information for use during 
a power closure. It is necessary to initialize the position information from the sensor 
when the actual door or lift gate position is known. 

Conventional techniques include initializing the position when the door or lift 
gate is closed. In conventional arrangements, however, the clutch is disengaged when 
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the door is closed and the closure system is not in a state that accurately represents an 
operating state. For example, wire play and gear backlash occur because the system is 
no longer under tension once the clutch is disengaged. After this, there is not a proper 
correlation between the sensor position and the door or lift gate position. Therefore, 
position initialization is not accurate or reliable with such an approach. 
[5] This invention provides improved position initialization, in part, by 

eliminating any slack in the coupling between the motor and the door or lift gate prior 
to determining the initialization position information. 



SUMMARY OF THE INVENTION 

[6] In general terms, this invention is a position initialization system and method 

for accurately initializing a sensor position so that an absolute position of a moveable 
panel on a vehicle can be determined. 

[7] An example system designed according to this invention includes a motor that 

provides the force for moving the moveable panel (i.e., the door or lift gate). A 
coupling couples the motor to the panel and includes a varying tension between the 
motor and the panel, depending on the operating state of the system. A position 
sensor is associated with a coupling and provides an indication of the panel position. 
An indicator provides an indication when the panel is in a closed position. A 
controller energizes the motor responsive to the closed position indication to urge the 
panel toward the closed position to reduce any slack between the motor and the panel. 
The controller obtains an initialization position indication from the position sensor 
when there is no slack. 

[8] A method according to this invention includes several steps. An example 

method includes determining that the panel is in a closed position. Then the motor is 
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energized to urge the panel toward the closed position to reduce any slack between the 
motor and the panel. The initialization position is determined when there is no slack. 

[9] In one example arrangement designed according to this invention, the motor 

operates at a selected torque during the slack reduction process. The selected torque 
preferably corresponds to the operating torque of the motor while moving the panel 
from an open position to a closed position. In one example, the selected torque is 
determined as an average torque between two selected points along the panel travel 
from the open position to the closed position. 

[io] In one example, a controller determines the appropriate motor torque only 

when the motor has not stalled or the panel has not encountered any obstructions 
while moving between the two selected points. 

[ii] The various features and advantages of this invention will become apparent to 

those skilled in the art from the following detailed description of the currently 
preferred embodiments. The drawings that accompany the detailed description can be 
briefly described as follows. 



BRIEF DESCRIPTION OF THE DRAWINGS 

[12] Figure 1 schematically illustrates a vehicle having moveable panels that are 

controlled by a system designed according to this invention. 
[13] Figure 2 schematically illustrates one example panel moving arrangement 

designed according to this invention. 
[14] Figure 3 is a flow chart diagram illustrating an example method of controlling 

the embodiment of Figure 2. 
[is] Figure 4A schematically illustrates selected features of the power closure 

system during a portion of the inventive position initialization procedure. 
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[16] Figure 4B schematically illustrates the components from Figure 4A in a 

different state compared to Figure 4A. 
[17] Figure 4C illustrates the components of Figures 4A and 4B in another 

operating state. 

[18] Figure 5 graphically illustrates an example relationship between vehicle panel 

position and sensor position information. 
[19] Figure 6 is a flow chart diagram schematically illustrating a torque calculation 

approach useful with a system designed according to this invention. 
[20] Figure 7 schematically illustrates another example power closure system 

designed according to this invention. 
[2i] Figure 8 is a flow chart diagram schematically illustrating a control method 

useful with the embodiment of Figure 7. 
[223 Figure 9 graphically illustrates a relationship between vehicle panel position 

and sensor position information. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[23] Figure 1 schematically illustrates a vehicle 20 having a moveable door panel 

22 and a moveable lift gate 24. The vehicle 20 is provided with a system designed 
according to this invention for automatically moving the door 22 or lift gate 24 with a 
power closure arrangement that operates as generally known in the art. 

[24] The illustrated example vehicle includes a switch 26 supported within a 

vehicle for selectively activating the power closure system to close the door 22 or lift 
gate 24. The illustrated example also includes a remote signaling device 28 such as a 
key fob having at least one switch 30 that an individual can use to selectively activate 
the power closure system. 
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[25] This invention is particularly useful for vehicle sliding doors or lift gates but is 

not necessarily so limited. A variety of moveable panels on vehicles can be 
controlled using ah arrangement designed according to this invention. 

[26] Figure 2 schematically illustrates a system 40 that selectively provides power 

closure for a vehicle panel. For purposes of discussion, the door 22 will be selected as 
the example panel through the remainder of this discussion. A motor 42 is controlled 
by a motor controller module 44 responsive, for example, to activation of the switch 
26 or 30. A motor driver 46 such as a power MOS FET as shown in Figure 2 
regulates power to the motor 42 to achieve desired torque levels and to move the door 
22 at a desired speed. 

[27] A clutch 48 selectively provides a mechanical coupling between the motor 42 

and the door 22. A clutch controller module 50 selectively causes the clutch 48 to be 
engaged or disengaged, depending on the needs at a given time. For example, the 
clutch controller 50 may be programmed to disengage the clutch 48 in such event that 
an individual manually moves the door. Those skilled in the art realize that there are 
a variety of ways to provide such operating features in a system like that 
schematically illustrated in Figure 2. 

[28] Part of the control strategy of the system 40 includes monitoring the position 

of the door 22. The illustrated arrangement includes a position calculation module 52 
that receives information from a sensor 54 and a home position switch 56. The sensor 
54 in one example is an encoder. In another example, the sensor 54 is a Hall effect 
sensor. The sensor 54 in the illustrated example provides position information 
regarding a position of the door 22 to the position calculation module 52. 

[29] The home position switch 56 provides an indication to the position calculation 

module 52 that the door 22 has reached a closed position. Such home position 
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switches are known and those skilled in the art who have the benefit of this 
description will be able to select from among commercially available components to 
meet the needs of their particular situation, 
po] Although individual modules 44, 50 and 52 are shown in Figure 2, those 

divisions are schematic and for discussion purposes only. All of the control modules 
of a system designed according to this invention may be incorporated into a single 
microprocessor that is suitably programmed to perform the different functions of each 
module. Further, each module may comprise a microprocessor, dedicated circuitry, 
software or a combination of these. Those skilled in the art who have the benefit of 
this description will be able to select what works best for their particular situation and 
will be able to develop the programming for accomplishing the results provided by 
the invention. 

[3i] This invention addresses the need for providing accurate position initialization 

so that the absolute position of the door 22 can be determined. The nature of relative 
sensors, such as encoders or Hall effect sensors, for example, makes it necessary to 
employ the inventive technique for obtaining an initialization position for accurately 
determining the absolute position of the door 22. 

[32] Figure 3 schematically illustrates, in flow chart diagram form, a method 

according to the inventive approach for obtaining an initialization position. In the 
illustrated example, the controller begins by determining that the home position 
switch 56 provides an indication that the door 22 is closed. Once the closed door 
position has been confirmed, the controller then determines whether the clutch 48 is 
engaged. In the event that the clutch is already engaged, the procedure may continue. 
In the event that the clutch 48 is not engaged, the controller engages the clutch prior 
to energizing the motor 42. The controller preferably energizes the motor 42 
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sufficiently to develop a selected torque to eliminate any slack between the motor 42 
and the door 22 that may be present in the mechanical coupling between them. 

[33] In one example, the motor 42 preferably operates at a constant torque and that 

provides an indication that no slack remains in the coupling between the motor 42 and 
the door 22. Eliminating slack is important because it impacts the position indication 
from the sensor 54. By eliminating slack, this invention provides an improved, more 
accurate and more reliable position initialization technique. 

[34] Figure 4A schematically illustrates a mechanical coupling 62 between the door 

22 and the motor 42 (not illustrated in Figure 4A). When the mechanical coupling 62 
does not have sufficient tension as shown in Figure 4A, there is slack as schematically 
shown at 64. As can be appreciated by comparing Figure 4A to Figure 4B, as slack 64 
is eliminated, the position of the sensor 54 changes even though the door position 
remains unchanged. The movement from Figure 4A to Figure 4B is accomplished by 
energizing the motor 42, which urges the sensor 54 toward the closed position as 
shown by the arrow 65. 

[35] The mechanical coupling 62 may also include a spring factor as known, which 

is schematically illustrated by the spring 66 in Figures 4A through 4C. Upon 
energizing the motor 42, slack begins to be eliminated in the coupling 62. At some 
point, the spring factor 66 undergoes increased tension because of the torque of the 
motor 42. One feature of this invention includes determining the ideal torque to be 
applied by the motor 42 during the position initialization procedure as will be 
described below. Figure 4C schematically illustrates the relative position of the 
sensor 54 and the door 22 when the door is in the closed position and all slack has 
been eliminated from the coupling 62. 
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[36] Figure 5 graphically illustrates the changes between the door position and the 

sensor position during the slack removing procedure. The door position is shown at 
70, which remains constant in this example because the door 22 is in a fully closed 
position as indicated by the home position switch 56 at the beginning of the position 
initialization procedure. The sensor position output is shown at 72, which changes 
relative to the door position as slack is removed from the coupling 62. The sensor 
position eventually gets to a point indicated at 73, where the slack is removed and the 
relationship between the actual door position and the sensor output is constant and 
reliable. 

[37] This example implementation of the inventive approach includes using the 

sensor position corresponding to the output value at 73 as the initialization position. 
Once the slack has been removed from the coupling between the door and the motor 
and the appropriate spring factor has been compensated for by controlling motor 
torque, for example, the difference 74 between the sensor position 73 and the door 
position 70 should become constant. Therefore, since the door position is constant at 
the full close position, the sensor position in this condition can be considered constant 
so that the system can set this sensor position at a predetermined value. This step is 
schematically shown in the box 75 of the flow chart 60 in Figure 3, for example. 

[38] In one example, when the actual sensor position differs from the constant as 

shown in Fig 5, the difference is considered as drift or error in sensor position and 
thus the system shall reset the sensor position at the predetermined constant value. 
Figure 5 includes a second sensor position trace72' varies from the sensor position 72 
by an error amount equal to the difference between the sensor value at 73 and the 
value at 73'. 
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[39] One example embodiment of this invention compensates for the error between 

the sensor values 73 and 73' by resetting the sensor position at the predetermined 
value when the system is in the condition where the sensor value is 73*. For example 
if the value at 73 is 100 and the value at 73' is 98, then the sensor value is set to be 
100 regardless of the actual sensor position. 

[40] In another example, the sensor position is adjusted in an amount 

corresponding to the amount of error. With a sensor value at 73 of 100 and 98 at 73', 
the error is 2 (100-98=2). The updated sensor position is the old position (98) plus the 
error adjustment (2), which provides a new sensor value of 100. As can be 
appreciated in these two examples, the same result is achieved. 

[4i] Figure 6 schematically illustrates, in a flow chart 76, one example technique 

for determining the appropriate motor torque at which to operate the motor 42 during 
the position initialization procedure. According to this example, an average motor 
torque during the most recent automated door closing procedure between selected 
points along the door travel is used as the selected torque. According to this example, 
the motor 42 operates at a torque during the position initialization procedure that 
corresponds to the motor torque when the slack is removed and the spring factor of 
the coupling 62 is at a level that corresponds to the door being moved. According to 
this example, the ideal torque applied by the motor 42 during the position 
initialization procedure is the same torque used for moving the door during the most 
recent closing operation. 

[42] According to one example, whenever the motor stalls or the vehicle panel 

encounters an obstruction along the travel toward the closed position, the motor 
torque calculation is ignored for that particular power closing sequence. 
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[43] Referring to Figure 6, the controller determines when the door 22 is moved 

between a selected position 1 and a second selected position 2. Once the door is 
moved into position 1, a sum value is set to zero. A flag indicating that the average 
torque calculation should be made is set to be true. Provided that the door is between 
the position 1 (i.e., a starting position for the average torque calculation) and the 
position 2 (i.e., an ending position for the motor torque calculation), the motor torque 
is calculated using the applied voltage and the angular velocity.. 

[44] There are a variety of motor torque calculation techniques that are known and 

the illustrated example includes using the motor equation where the motor torque, 
Tmot = (k m /R)V mo t - k^co; where R = the resistance between the two voltage measuring 
points including armature resistance, ku = the back EMF constant and k m = the motor 
constant. Provided that the door 22 is moving between the position 1 and position 2, 
the motor torque sum increases according to the measure value. 

[45] Once the door reaches the position 2, the controller determines whether the 

average calculation flag is still true. Once that is confirmed, the average torque is 
calculated by dividing the sum motor torque by the number of motor torque 
measurements applied to the sum as the door moved between the position 1 and 
position 2. 

[46] The average calculation flag may not be true in a situation, for example, where 

the door 22 is between position 1 and position 2 at the beginning of a power closure 
operation. In another example, even though the average calculation flag may be set to 
be true as the door 22 passes the position 1, that flag may be changed to a false value 
in the event that the motor stalls or that the door 22 encounters an obstruction while 
moving between the position 1 and position 2. 
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[47] In one example, it is preferred to select the position 1 and the position 2 as 

close as possible to the closed position for the corresponding vehicle panel. Utilizing 
an average motor torque calculation in this manner provides an example way of 
determining the appropriate torque at which to operate the motor 42 during the 
position initialization procedure. By utilizing the inventive approach, a more accurate 
and reliable position initialization is obtained, which allows for better position 
determinations during a power closure operation. 

[48] Figure 7 schematically illustrates another example arrangement designed 

according to this invention. In this example, the system 40' includes a cinch actuator 
80 that operates responsive to a cinching controller module 82. This module, like 
those described above, may be incorporated into a single microprocessor or may be a 
dedicated controller, depending on the needs of a particular situation. This cinching 
actuator 80 in one example consists of an electric motor and clutch. In another 
example, the cinching actuator comprises a conventional strike. Cinching actuators 
operate in a known manner to pull a vehicle panel into the fully close position when 
the panel enters a partially close position as known in the art. 

[49] The system 40' also differs from the system 40 because a detent switch 84 is 

provided that indicates that the door 22 has entered the partially close position, or 
more particularly, the secondary position before the cinch actuator has pulled the 
panel into the fully closed position, or more particularly, the primary position, which 
is indicated by the home position switch 56. 

[50] Power closure arrangements having a cinch actuator introduce further 

complexity into position initialization. This invention includes techniques for 
accommodating such arrangements. The flow chart diagram 88 in Figure 8 
schematically shows an example approach for position initialization in the 
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embodiment of Figure 7. Once the detent switch 84 provides a signal indicating that 
the door 22 has reached the secondary position, the controller determines that the 
clutch 48 is engaged and then energizes the motor 42. At the same time, the cinching 
actuator 80 is energized until the home position switch 56 provides an indication that 
the door 22 has reached the primary position. While this is occurring, the controller 
seeks to locate the minimum position reading from the sensor 54. Once the home 
position switch 56 provides an indication that the door 22 is fully closed, the 
controller is able to utilize the initialization position information from the sensor 54. 

In one example, it is preferred to initialize the position information at the 
tightest closing position of the appropriate vehicle panel. Figure 9 schematically 
illustrates the behavior of an example panel position at 90 compared to the behavior 
of an example sensor output at 92. As the motor 42 takes up slack and gets sufficient 
tension, the difference between the sensor position and the door position eventually 
becomes constant beginning at time tl in Figure 9. At the same time that the sensor 
position 92 reaches a minimum at 94, the door position 90 reaches a minimum value 
96. The minimum door position 96 is mechanically determined and, therefore the 
minimum position 94 can be considered constant. The minimum sensor position at 94 
preferably is used as the initialization position since the difference 74 at that point is 
constant. 

In one example, the controller determines the minimum position 94 by 
monitoring the sensor output throughout the position initialization process and the 
cinching provided by the cinch actuator 80. In one example, the controller determines 
the minimum position sensor output and uses that as the initialization position to 
initialize or adjust the sensor position. 
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A difficulty associated with arrangements having cinching mechanisms is that 
the sensor position is still changing when it reaches the minimum at 94. The 
difference can be considered as drift or error in the sensor position in the same 
manner as explained in the first example in Fig 5. In one example, the second error 
compensation approach described in connection with Figure 5 preferably is applied. 
For example, if the predetermined value for the sensor minimum position is 100, the 
actual sensor minimum position is 98 and the sensor position at t2 when cinching is 
complete is 128. The error is 100 - 98 = 2. The new sensor position = 128 + 2 = 130 
(old sensor position + adjustment). 

The same motor torque determination and torque control techniques as 
described in connection with the embodiment of Figures 1-6 preferably are used when 
reducing slack and initializing the sensor position with the embodiment of Figures 7- 
9. 

The inventive arrangement provides an improved position control system 
because it provides improved accuracy in obtaining an initialization position for 
monitoring vehicle panel position during an automated movement of that panel. 

The preceding description is exemplary rather than limiting in nature. 
Variations and modifications to the disclosed examples may become apparent to those 
skilled in the art that do not necessarily depart from the essence of this invention. The 
scope of legal protection given to this invention can only be determined by studying 
the following claims. 
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